Abstract: Ten poly(amide) oligomers were prepared from four acid dichlorides and two full-aromatic diamines, the latter containing silicon or germanium in their structure. The polymers, which contain Et/Me, Et/Et and n Bu/ n Bu combinations on heteroatom of the acid dichloride moiety, were characterized by spectroscopic techniques, including 29 Si NMR. The yields obtained and the nh values established were low, indicating the low molecular weight nature of the polymers. Thermal stability was also evaluated by TG and DSC techniques. When a methyl group was replaced by a Et, the T g of the poly(amides) (PAs) was increased in accordance with the gain in the flexibility of the chain. However and in general terms, the PAs with n Bu groups show the inverse effect. Probably, the possibility of an effective interaction between these side chains affects negatively the flexibility of the main chain. On the other hand, PAs that contain single silicon in their structure show lower T g values than the Ge-containing PAs. For the other heteroatom combinations, similar results were obtained. This fact does not agree with the lower size of silicon atom which should increase the molecular rigidity and therefore their T g values. Probably, the influence of the side groups is decisive in hindering the chain rotation. The thermal degradation temperature (TDT) changed in agreement with the packing factor of the chains which was depending on the size of substitute groups. So, when Et group was replaced by n Bu as lateral group, lower TDT were recovered. With respect to the heteroatoms used in the main chain, the TDT values do not show a clear tendency.
Introduction
Silicon-containing polymers have been described since 1953 [1] , and most of them are derived from dicarboxylic acids or diamines which contain the Si atom. The introduction of silane links such as -SiR 1 R 2 -in the main chain, improve the solubility and increase the glass transition temperature in front of wholly aromatic polymers. M. Bruma has described several kinds of Si-containing condensation polymers with different functional groups and studied their properties [2] [3] [4] [5] [6] . Also, the lower electronegativity of the Si atom with respect to the C one would imply an increase of the thermal stability due to an ionic character of the C-Si bond when compared with the C-C ones, in spite of the similar bond energy dissociation of both bond [2, 7] .
In the last years we have focused our attention also in the synthesis of condensation polymers containing the Ge atom in the main chain and bonded to four organic groups, due to the fact that principally most of the Ge-containing polymers described correspond to poly(germanes), in which the Ge atom is bonded to other Ge atom forming compounds of inorganic nature.
Also we have described many kinds of condensation polymers containing Si and/or Ge in the main chain, bonded to side groups such as phenyl, methyl and other aliphatic groups, such as poly(carbonates), poly(thiocarbonates), poly(amides), poly(imides), poly(esters), and poly(urethanes) containing one or both heteroatoms [8] [9] [10] [11] [12] [13] [14] [15] [16] . In these works we have described the synthesis of the monomers (acid dichlorides, diphenols, diamines, or bischloroformates) and polymers, and all of them were characterized including 29 Si NMR spectroscopy when it corresponds. One of the important focus has been the study of the thermal behaviour, glass transition temperature and thermal decomposition temperature, showing that in general polymers with Si would have a higher T g and TDT values due to the polarity of the CSi bond, which induce a difference of electronegativity between them. Also the side groups bonded to the heteroatoms will have a influence, in the sense that polymers with aliphatic side chains (Me and/or Et groups) would show higher flexibility of the polymeric chains with respect to those with more bulky and rigid groups, such as phenyl ones, and consequently would show lower T g and TDT values.
Continuing our works in this sense, in this paper we describe the synthesis, characterization and thermal properties of poly(amide) oligomers derived from difunctional monomers containing Si or Ge: two wholly aromatic diamines and several acid dichlorides when the heteroatom is also bonded to two aliphatic groups. These groups are including several combinations of Me, Et and n Bu. So, the effect of size of the side chain on the thermal properties of PAs is investigated more thoroughly thanks to the incorporation of a C 4 group. These poly(amides) that contain two heteroatoms in the main chain, were synthesized by a solution process and the thermal properties were studied and related to the nature of the heteroatom and the side groups bonded to it.
Results and discussion
The synthesis of acid dichlorides was developed from commercial dichlorodialkylsilane or -germane respectively. The exception to this rule was the preparation of bis(4-cloroformylphenyl)di n butylsilane, which was obtained from non-commercial dichlorodi n butylsilane (Scheme 1). The yield for this last reaction was low (12%), according to the trialkyl and tetraalkyl sub-products obtained. On the other hand, the yields of di(p-tolyl), compounds are high with the exception of the di n butyl derivative which was obtained in 22% yield. This fact was also observed in the synthesis of the diacids. A complete spectroscopic characterization of the precursor compounds has been included in Experimental Part with importance to the electronic effect of the heteroatoms in the NMR analysis.
In general, the route used in this work: bis(p-tolyl), dicarboxilic acid and then acid dichloride is easily followed using IR spectroscopy technique (Fig. 1) . All acid dichlorides obtained decompose when they are distilled over 80 ºC (2) (3) (4) (5) approximately. For this reason, characterization and polymerization were developed from the crude portion. Table I shows the yields and the inh values obtained for all the poly(amides). The inh values were low and very similar among them, probably being oligomeric species of low molecular weight. The yields were between 29-88% and it is possible to see a tendency to lower values when the side aliphatic chains bonded to the heteroatom are increased. This fact is probably due to two reasons: a lower solubility of the polymeric chains in a highly polar solvent such as N,N-dimetylacetamide and the low purity of acid dichlorides which were used from crude fractions due to their thermal stability.
Table I also shows the Tg values obtained by calorimetry at 20 ºC/min. If the influence of the side groups bonded to the heteroatom is analyzed for analogous poly(amides), lower T g values are observed when methyl is replaced by ethyl in the side chains: Si/Si series (PA-I, PA-III), and Si/Ge series (PA-II, PA-IV). This fact would agree with a higher flexibility of the chains when the side groups slightly increase their size. When n butyl groups are used as a substitute on the heteroatoms: PA-VIII (Si/Ge series), PA-IX (Ge/Si series), PA-X (Ge/Ge series)) it was possible to see the inverse effect. The exception to this rule was observed in Si/Si series when PA-VII showed a lower T g value in front of PA-III. This general behavior could be related with the big size of the C 4 groups, which could show lateral interactions that would affect negatively the flexibility of the main chain. Similar results were observed in poly(carbonates) when we studied the thermal behavior using methyl and phenyl groups bonded to Si or Ge [23] . Those polymers with phenyl groups showed higher T g values according with their higher volume and rigidity. Scheme 2. General structure of poly(amides) containing silicon and/or germanium.
Tab. I. Yields, inherent viscosities, Tg and TDT values for the poly(amides).

Series Poly(amide) Yield (%)
inh. 1 In DMF at 25 ºC (c= 0.3 g/mL). 2 Taken as the temperature at 10% weight loss.
With respect to the influence of the heteroatom in the T g values, those with Si would have higher T g values with respect to those with Ge, due to the higher size of Ge and the longer C-Ge bonds would confer to more chain flexibility. In these poly(amides), this can be observed only in the pairs PA-I/PA-II, and PA-III/PA-IV. In the other poly(amides) those with Ge showed higher values than the analogous with Si. So, PA-III and PA-VII show lower T g than their counterparts; PA-VI and PA-X respectively. This effect was also observed in poly(carbonates) and poly(thiocarbonates) and was attributed to the lower influence of the nature of the heteroatoms in front of the side groups bonded to them, which would hinder the rotation [23] .
The thermogravimetric analysis ( Fig. 2) showed similar pattern already observed for poly(amides) containing the Si/Si combination in their structure, derived from the use of methyl and phenyl lateral groups [24] . So, it is possible to see that the decomposition of the samples follows a complex process where a first step involves a temperature range between 50-300 ºC, and a second step over 400-450 ºC approximately. Due the oligomeric nature of the samples, the first weight loss could be also attributed to the presence of species of very low molecular weight. In all cases a variable content of a solid residual was observed over 700 ºC. The TDT values were taken when the poly(amide) lost 10% of weight. In general, polymers with Si would have higher thermal stability due the higher bond polarity of the C-Si bond in front of the C-Ge one. In fact, the electronegativity of the Ge atom is higher than the Si and consequently the polarity of the C-Si bond is higher than the C-Ge one, with the bond energies being similar [25] . This effect is only observed in the pairs PA-III/PA-IV, and PA-VII/PA-X, which have only one type of the heteroatom in the main chain, and the TDT value of the PA-III being abnormally high.
When the difference between the pairs of PAs is only the heteroatom, the tendency was the inverse, with those with Ge atom showing a higher TDT value with the exception of the pair PA-III/PA-IV. These results are difficult to explain but they are in agreement with others already obtained from poly(urethanes) [16] . In this case, polymers with germanium atom in their structure show higher TDT than the Sicontaining poly(urethanes) in accordance with slight difference in the bond energy of C-Ge and C-Si.
With respect to the influence of the side groups bonded to the heteroatoms, there is not a clear tendency. However, it is possible to observe lower values when the side groups size increased. Probably, the packing factor of the chains is affected by the volume of the side groups. Similar results were obtained when we compared methyl of phenyl groups, with those poly(amides) with phenyl groups showing a higher TDT value [15] .
The TDT values of the poly(amides), with the exception of PA-III and PA-VIII, were very low, which can be due to a low molecular weight evidenced through their inh values, as these molecules being of oligomeric nature, cannot be considered as thermostables.
Similar conclusions about the thermal stability of the samples are obtained considering the maximum rate of decomposition (PDT). This analysis shows that in general, the bigger material loss occurs in the temperature range 350 ºC-600 ºC, with a similar tendency to the one discussed previously.
Conclusions
Four new acid dichlorides containing silicon or germanium as central atom were synthesized and characterized. Several combinations among methyl, ethyl and n butyl groups were used as a substitute on the heteroatoms. Poly(amide) oligomers containing silarylene and/or germarylene units in the main chain were prepared from these acid dichlorides and aromatic diamines also containing Si or Ge in their structure. The polymerizations were carried out in DMAc solution and the polymers were characterized by spectroscopic methods. The yields and the inh values were low in agreement with the oligomeric nature.
The thermal stability was evaluated using DSC and TG analyses under N 2 atmosphere. In general, for analogous poly(amides), the T g values increased when the side groups also increased from methyl to ethyl group. However, when n butyl is used, the effect is the inverse maybe due to the possibility of interactions between the lateral chains. This fact would affect negatively or avoid the free rotation of the chain. With respect to the central heteroatom the results are not clear, although it is possible to observe the following tendency: poly(amides) with Si have lower T g values. These results are not in agreement with the smaller size of Si in front of the Ge atom. Probably, the influence of the side groups explains these observations which would hinder the chain rotation. On the other hand, the TDT values do not show a clear tendency about the influence of the central heteroatoms. If the volume of the lateral groups bonded to them is analyzed, a general tendency is observed, in the sense that when the size increases the TDT is lower, probably due to a lower packing factor of the polymeric chains.
Experimental part
Reagents and solvents (from Aldrich or Riedel de Häen) were used without purification. The IR spectra were recorded on a Perkin-Elmer 1310 spectrophotometer and the T g values were obtained with a Mettler-Toledo DSC 821 calorimetric system (20 ºC min -1 under N 2 flow). Thermogravimetric analyses were carried out in a Mettler TA-3000 calorimetric system equiped with a TC-10A processor, and a TG-50 thermobalance with a Mettler MT5 microbalance. Samples of 6-10 mg were placed in a platinum sample holder and the thermogravimetric measurements were carried out between 30 ºC and 800 ºC with a heating rate of 20 ºC min -1 under N 2 flow.
Synthesis and characterization of acid dichlorides and their precursors
-Dichloro di n butylsilane 19.2 g (156 mmol) of 1-bromopropane dissolved in 30 mL of anhydrous diethylether were added to a mixture of 4.17 g (171.6 mmol) of magnesium and 60 mL of anhydrous diethylether under nitrogen atmosphere. The mixture was heated and stirred for two hours and then added to a solution composed of 27.20 g (142 mmol) of trichloro n butylsilane and 130 mL of anhydrous diethylether. The mixture was stirred at room temperature over night and then refluxed during four additional hours. Dryhexane was added to the obtained oil after the solvent distillation, and then the system was cooled at -15 ºC during one hour. Then, the salts were filtered, the solvent removed, and the crude oil was distilled under vacuum. B. Bis(p-tolyl)R 1 R 2 -silane and -germane were synthesized according to the following procedure described previously [17] [18] [19] [20] , in which 3 mL of p-bromotoluene (0.024 mol) in 30 mL of anhydrous diethylether were added under N 2 flow to a 0.36 g of Li and the mixture refluxed for 4 hours. When the Li reacted, 0.026 mol of respective R 1 R 2 XCl 2 (X= Si, Ge) were added drop by drop and refluxed for 3 hours. The mixture was hydrolyzed with 30 mL of 5% HCl solution. The organic layer was separated, washed several times with water and dried with anhydrous MgSO 4 -Bis(4-carboxyphenyl)R 1 R 2 silane and bis(4-carboxyphenyl)R 1 R 2 germane
The bis(p-tolyl) derivatives were oxidized to the bis(4-carboxyphenyl) derivatives according to the following procedure: bis(p-tolyl) derivative (1.0 g) was mixed with 60 mL of pyridine and 40 mL of water and refluxed at 80 C. 10 g of KMnO 4 were added in portions. The MnO 2 was filtered and the diacid was precipitated with HCl (c), washed and dried. The crude diacid was dissolved in a NaHCO 3 -Bis(4-chloroformylphenyl)R 1 R 2 silane and bis(4-chloroformylphenyl)R 1 R 2 germane
The acid dichlorides were synthesized according to the general procedure, in which 1.0 g of the diacid was mixed with 25 mL of thionyl chloride and a drop of DMF and the mixture refluxed for 5 hours. The excess of thionyl chloride was distilled using vacuum, and then 20 mL of petroleum ether were added. A slight-yellow oil was obtained when the ether was distilled.
Bis (4-chloroformylphenyl) 
Synthesis of diamines
Bis(4-aminophenyl)diphenylsilane and bis(4-aminophenyl)diphenylgermane, were obtained from 4-bromo-N,N-bis(trimethylsilyl)aniline and diphenyldichloro-silane orgermane according to a procedure described previously [21] [22] .
Synthesis and characterization of poly(amide)oligomers
Poly(amide) oligomers were synthesized according to the following general procedure. The diamine (1 mmol) was dissolved in 25 mL of N,N-dimethylacetamide (DMAc) and 0.2 mL of pyridine were added. The bath was cooled to -10 ºC and 1 mmol of the acid dichloride was added in four portions, and the mixture was stirred for 18 hours and then poured into methanol. The poly(amide) was filtered, washed with methanol, dried under vacuum until constant weight and then characterized: PA-I. I.R.: (KBr) (cm 
